
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
0  4 0 9   5 6 7   A 2  Q\)  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  int.  el.":  B29C  49/08,  C08J  5 /18 ,  
C08L  23/16,  C08L  2 3 / 0 8  

©  Application  number:  90307809.5 

©  Date  of  filing:  17.07.90 

©  Applicant:  TONEN  SEKIYUKAGAKU 
KABUSHIKI  KAISHA 
1-1,  Tsutiji,  4-chome 
Chuo-Ku  Tokyo(JP) 

©  Inventor:  Kagawa,  Seiji 
27-1  Baba  3-chome,  Tsurumi-ku 
Yokohama-shi,  Kanagawa-ken(JP) 
Inventor:  Toda,  Hideaki 
1642-174  Kamariya-cho,  Kanazawa-ku 
Yokohama-shi,  Kanagawa-ken(JP) 
Inventor:  Uotome,  Yoshihiro 
997-45  Sawa 
Kaizuka-shi,  Oosaka-fu(JP) 

©  Priority:  17.07.89  JP  183997/89 
17.07.89  JP  183998/89 

@  Date  of  publication  of  application: 
23.01.91  Bulletin  91/04 

©  Designated  Contracting  States: 
DE  FR  GB  IT 

©  Representative:  Holmes,  Michael  John  et  al 
Frank  B.  Dehn  &  Co.  European  Patent 
Attorneys  Imperial  House  15-19 
Kingswayway 
London,  WC2B  6UZ,(GB) 

(s*)  Elastomer  film. 

©  An  elastomer  film  of  a  thermoplastic  elastomer  composition  comprising  30-70  weight  %  of  an  ethylene- 
propylene-diene  copolymer  and  70-30  weight  %  of  an  ethylene-vinyl  acetate  copolymer  having  a  vinyl  acetate 
content  of  5-30  weight  %  and  a  melt  index  of  0.2-25  g/10  minutes,  the  elastomer  film  having  a  thickness  of  10- 
60  urn,  and  a  draw  ratio  expressed  by  a  heat  shrinkage  ratio  at  50°  C  which  is  5-35%  in  an  MD  direction  and  5- 
25%  in  a  TD  direction,  a  ratio  of  the  draw  ratio  in  an  MD  direction  to  the  draw  ratio  in  a  TD  direction  being  3  or 
less,  is  produced  by  an  air-cooled  inflation  method  comprising  the  steps  of  (a)  extruding  the  thermoplastic 
elastomer  composition  from  an  annular  die  at  a  temperature  of  170°C  or  lower;  (b)  taking  up  a  bubble  of  the 
elastomer  film  such  that  a  neck  portion  of  the  bubble  is  1.0-4.0  times  as  long  as  a  diameter  of  the  annular  die; 
(c)  cooling  the  neck  portion  to  a  temperature  of  120°  C  or  lower  by  a  cooling  air  ejected  from  a  first  cooling  ring 
disposed  near  the  annular  die;  (d)  drawing  the  bubble  both  in  an  MD  direction  and  in  a  TD  direction  in  a  bubble 
transition  portion  between  the  neck  portion  and  a  frost  line,  while  lowering  the  temperature  of  the  bubble  in  the 
frost  line  to  45°  C  or  lower;  (e)  cooling  the  bubble  to  a  temperature  of  35°  C  or  lower  by  a  cooling  air  ejected 
from  a  second  cooling  ring  disposed  above  the  frost  line;  and  (f)  cooling  the  bubble  to  a  temperature  of  30°  C  or 
lowerby  a  cooling  air  ejected  from  a  third  cooling  ring  disposed  slightly  above  the  second  cooling  ring,  whereby 
the  bubble  is  not  subsequently  drawn. 
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ELASTOMER  FILM 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  elastomer  film  produced  from  a  thermoplastic  elastomer  composi- 
tion  by  an  air-cooled  inflation  method  which  is  sufficiently  oriented  not  only  in  an  MD  direction  but  also  in  a 

5  TD  direction,  thereby  showing  a  small  anisotropy,  a  method  and  an  apparatus  for  producing  such  an 
elastomer  film,  and  a  microporous  composite  film  comprising  such  an  elastomer  film. 

Films  made  of  thermoplastic  elastomer  compositions  consisting  of  elastomers  and  thermoplastic  resins 
have  elasticity  and  shrinkability  which  are  not  possessed  by  thermoplastic  resin  films,  so  that  they  are 
expected  to  be  used  in  many  applications. 

10  Films  of  such  thermoplastic  elastomer  compositions  containing  ethylene-vinyl  acetate  copolymer  (EVA) 
components  are  partly  produced  by  an  inflation  method,  but  most  of  them  are  produced  by  a  casting 
method.  However,  in  the  production  of  films  by  a  casting  method,  drawing  in  an  MD  direction  (longitudinal 
direction  of  a  machine)  is  relatively  easy,  but  drawing  in  a  TD  direction  (transverse  direction)  is  difficult, 
making  it  difficult  to  produce  biaxially  oriented  films.  In  addition,  to  prevent  the  blocking  of  films,  a  parting 

75  sheet  should  be  inserted  into  adjacent  film  layers  in  winding,  posing  economic  disadvantages. 
On  the  other  hand,  in  the  production  of  films  by  an  inflation  method,  the  above  problems  can  be 

avoided,  but  since  the  thermoplastic  elastomer  composition  shows  a  low  melt  tension  in  the  production 
process  of  the  films,  it  is  difficult  to  keep  bubbles  of  the  thermoplastic  elastomer  compositions  stably. 
Particularly,  in  the  case  of  producing  thin  films  (60  u,m  or  less,  particularly  40  urn  or  less),  uniform  films 

20  cannot  be  obtained  because  the  bubbles  are  not  kept  stable. 

OBJECT  AND  SUMMARY  OF  THE  INVENTION 

25  In  view  of  the  above  problems,  an  object  of  the  present  invention  is  to  provide  a  thin,  uniform  elastomer 
film  made  of  an  ethylene-propylene-diene  copolymer/an  ethylene-vinyl  acetate  copolymer  by  an  air-cooled 
inflation  method. 

Another  object  of  the  present  invention  is  to  provide  an  air-cooled  inflation  method  for  producing  such 
an  elastomer  film  from  a  thermoplastic  elastomer  composition. 

30  A  further  object  of  the  present  invention  is  to  provide  an  apparatus  for  producing  such  an  elastomer  film 
from  a  thermoplastic  elastomer  composition  by  an  air-cooled  inflation  method. 

A  still  further  object  of  the  present  invention  is  to  provide  a  microporous  composite  film  comprising 
such  an  elastomer  film  and  a  mesh-like  sheet  combined  together  under  heated  conditions. 

As  a  result  of  intense  research  in  view  of  the  above  problems,  the  inventors  have  found  that  in  the 
35  production  of  a  biaxially  oriented  elastomer  film  from  a  thermoplastic  elastomer  composition  comprising  an 

ethylene-propylene-diene  copolymer  and  an  ethylene-vinyl  acetate  copolymer  in  a  particular  proportion  by 
an  air-cooled  inflation  method,  sufficient  drawing  not  only  in  an  MD  direction  but  also  in  a  TD  direction  can 
be  achieved  by  controlling  temperatures  of  various  portions  of  a  bubble  of  the  thermoplastic  elastomer 
composition  while  keeping  the  bubble  stably,  whereby  a  thin,  uniform  elastomer  film  can  be  obtained.  The 

40  present  invention  is  based  upon  this  finding. 
Thus,  the  first  elastomer  film  according  to  the  present  invention  is  produced  from  a  thermoplastic 

elastomer  composition  comprising  30-70  weight  %  of  an  ethylene-propylene-diene  copolymer  and  70-30 
weight  %  of  an  ethylene-vinyl  acetate  copolymer  having  a  vinyl  acetate  content  of  5-30  weight  %  and  a 
melt  index  of  0.2-25  g/10  minutes  by  an  air-cooled  inflation  method,  the  elastomer  film  having  a  thickness  of 

45  10-60  u.m,  and  a  draw  ratio  expressed  by  a  heat  shrinkage  ratio  at  50°  C  which  is  5-35%  in  an  MD  direction 
and  5-25%  in  a  TD  direction,  a  ratio  of  the  draw  ratio  in  an  MD  direction  to  the  draw  ratio  in  a  TD  direction 
being  3  or  less. 

The  second  elastomer  film  according  to  the  present  invention  is  produced  from  a  thermoplastic 
elastomer  composition  comprising  30-70  weight  %  of  an  ethylene-propylene-diene  copolymer  and  70-30 

so  weight  %  of  an  ethylene-vinyl  acetate  copolymer  having  a  vinyl  acetate  content  of  5-30  weight  %  and  a 
melt  index  of  0.2-25  g/10  minutes  by  an  air-cooled  inflation  method  and  then  by  annealing,  the  elastomer 
film  having  a  thickness  of  10-60  urn,  and  a  draw  ratio  expressed  by  a  heat  shrinkage  ratio  at  50°  C  which  is 
10-2  %  in  an  MD  direction  and  10-2  %  in  a  TD  direction,  a  ratio  of  the  draw  ratio  in  an  MD  direction  to  the 
draw  ratio  in  a  TD  direction  being  3  or  less. 

The  method  of  producing  an  elastomer  film  from  a  thermoplastic  elastomer  composition  by  an  air- 
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cooled  inflation  method  according  to  the  present  invention  comprises  the  steps  of: 
(a)  extruding  the  thermoplastic  elastomer  composition  from  an  annular  die  at  a  temperature  of  170  C  or 
lower; 
(b)  taking  up  a  bubble  of  the  elastomer  film  such  that  a  neck  portion  of  the  bubble  is  1.0-4.0  times  as 

5  long  as  a  diameter  of  the  annular  die; 
(c)  cooling  the  neck  portion  to  a  temperature  of  120°C  or  lower  by  a  cooling  air  ejected  from  a  first 

cooling  ring  disposed  near  the  annular  die; 
(d)  drawing  the  bubble  both  in  an  MD  direction  and  in  a  TD  direction  in  a  bubble  transition  portion 
between  the  neck  portion  and  a  frost  line,  while  lowering  the  temperature  of  the  bubble  in  the  frost  line  to 

w  45°  C  or  lower; 
(e)  cooling  the  bubble  to  a  temperature  of  35°  C  or  lower  by  a  cooling  air  ejected  from  a  second  cooling 
ring  disposed  above  the  frost  line;  and 
(f)  cooling  the  bubble  to  a  temperature  of  30°  C  or  lower  by  a  cooling  air  ejected  from  a  third  cooling  ring 
disposed  slightly  above  the  second  cooling  ring,  whereby  the  bubble  is  not  subsequently  drawn. 

75  The  apparatus  for  producing  an  elastomer  film  from  a  thermoplastic  elastomer  composition  by  an  air- 
cooled  inflation  method  according  to  the  present  invention  comprises: 

(a)  an  annular  die  for  extruding  the  thermoplastic  elastomer  composition  at  a  temperature  of  170  C  or 
lower; 
(b)  a  first  cooling  ring  disposed  near  the  annular  die  for  cooling  a  neck  portion  of  a  bubble  formed  from 

20  the  thermoplastic  elastomer  composition  to  a  temperature  of  120°  C  or  lower; 
(c)  a  second  cooling  ring  disposed  above  a  frost  line  of  the  bubble  for  cooling  the  bubble  to  a 
temperature  of  35°  C  or  lower; 
(d)  a  third  cooling  ring  disposed  slightly  above  the  second  cooling  ring  for  cooling  the  bubble  to  a 
temperature  of  30°  C  or  lower;  and 

25  (e)  a  means  for  taking  up  the  bubble  at  such  a  take-up  speed  that  the  neck  portion  is  1  .0-4.0  times  as 
long  as  a  diameter  of  the  annular  die. 
The  composite  film  according  to  the  present  invention  is  constituted  by  the  above  first  or  second 

elastomer  film  and  a  mesh-like  sheet,  the  elastomer  film  being  hot-pressed  to  the  mesh-like  sheet  at  a 

temperature  of  60°  C  or  higher,  so  that  the  elastomer  film  is  fixed  to  the  mesh-like  sheet  while  being  heat- 

30  shrinked,  whereby  the  elastomer  film  is  made  microporous. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

35  Fig.  1  is  a  schematic  view  showing  the  air-cooied  inflation  method  for  producing  the  elastomer  film  of  the 

present  invention; 
Fig.  2  is  a  schematic  view  showing  an  apparatus  for  carrying  out  the  method  of  producing  a  composite 
film  according  to  one  embodiment  of  the  present  invention; 
Fig.  3  is  an  enlarged  view  showing  a  hot-pressed  composite  film; 

40  Fig.  4  is  an  enlarged  cross-sectional  view  showing  fibers  embedded  in  the  elastomer  film  in  one 
embodiment  of  the  present  invention; 
Fig.  5  is  an  enlarged  cross-sectional  view  showing  fibers  embedded  in  the  elastomer  film  in  another 
embodiment  of  the  present  invention;  and 
Fig.  6  is  a  schematic  view  showing  film-forming  conditions  in  Example  1. 

45 
DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  the  method  of  the  present  invention,  the  thermoplastic  elastomer  compositions  which  may  be  used 
for  elastomer  films  include  compositions  comprising  ethylene-a-olefin  copolymer  rubbers  and  ethylene  vinyl 

so  acetate  copolymers. 
The  ethylene-a-olefin  copolymer  rubbers  mean  rubbers  made  of  ethylene  and  a-olefins  such  as 

propylene,  butene-1,  hexene-1,  octene-1,  etc.,  and  their  typical  examples  are  ethylene-propylene  copolymer 
rubbers  (EPR)  and  ethylene-propylene-diene  copolymers  (EPDM).  EPDM  used  in  the  present  invention 

means  a  copolymer  containing  a  repeating  unit  derived  from  ethylene,  a  repeating  unit  derived  from 

55  propylene  and  a  repeating  unit  derived  from  a  diene  compound.  The  diene  compounds  include  ethylidene- 
norbornene,  1  ,4-hexadiene,  dicyclopentadiene,  etc. 

The  ethylene-propylene-diene  copolymer  (EPDM)  used  in  the  present  invention  is  preferably  composed 
of  60-70  mo/  %  of  the  repeating  unit  derived  from  ethyiene,  30-40  mo/  %  of  the  repeating  unit  derived  from 



EP  0  409  567  A2 

propylene  and  1-10  mo/  %  of  the  repeating  unit  derived  from  the  diene  compound.  More  preferably,  the 
ethylene  repeating  unit  is  62-66  mo/  %,  the  propylene  repeating  unit  is  33-37  mo/  %,  and  the  diene 
compound  repeating  unit  is  3-6  mo/%. 

The  number-average  molecular  weight  of  the  ethylene-propylene-diene  copolymer  is  preferably 
5  400,000-600,000,  and  its  density  is  preferably  0.87  g/cm3  or  less.  Further,  its  melt  index  (190°C,  2.16  kg 

load)  is  preferably  in  the  range  of  0.1-5.0  g/10  minutes,  and  more  preferably  0.30-1.0  g/10  minutes. 
The  ethylene-propylene-diene  copolymer  (EPDM)  used  in  the  present  invention  consists  essentially  of 

the  above  repeating  units,  but  it  may  further  contain  additional  repeating  units  derived  from  a-olefins  such 
as  butene-1,  4-methyl-pentene-1  ,  etc.,  within  such  a  range  as  not  to  deteriorate  the  properties  of  the 

10  copolymer. 
The  ethylene-vinyl  acetate  copolymer  (EVA)  used  in  the  present  invention  means  a  copolymer  having 

5-30  weight  %  of  a  vinyl  acetate  repeating  unit,  and  a  melt  index  (190°  C,  2.16  kg  load)  within  the  range  of 
0.2-25  g/10  minutes.  When  the  vinyl  acetate  content  is  less  than  5  weight  %,  the  resulting  thermoplastic 
elastomer  composition  shows  poor  rubber  elasticity.  On  the  other  hand,  when  it  exceeds  30  weight  %,  the 

75  resulting  films  suffer  from  blocking,  making  its  film  production  difficult.  The  preferred  vinyl  acetate  content 
is  15-30  weight  %.  With  respect  to  the  melt  index,  when  it  is  less  than  0.2  g/10  minutes,  the  composition 
cannot  easily  be  formed  into  films,  and  when  it  exceeds  25  g/10  minutes,  the  film  production  by  an  air- 
cooled  inflation  method  is  difficult.  The  preferred  melt  index  of  the  ethylene-vinyl  acetate  copolymer  is  15- 
25  g/10  minutes. 

20  The  proportion  of  the  ethylene-propylene-diene  copolymer  (EPDM)  in  the  thermoplastic  elastomer 
composition  according  to  the  present  invention  is  30-70  weight  %  based  on  the  resin  components  (100 
weight  %),  and  it  is  preferably  50-60  weight  %.  When  the  proportion  of  the  ethylene-propylene-diene 
copolymer  (EPDM)  is  lower  than  30  weight  %,  the  resulting  elastomer  film  shows  poor  elongation,  and  a 
composite  film  formed  therefrom  by  heat  shrinkage  cannot  have  sufficient  microporosity.  On  the  other  hand, 

25  when  it  exceeds  70  weight  %,  the  resulting  elastomer  film  shows  decreased  formability. 
The  content  of  the  ethylene-vinyl  acetate  copolymer  (EVA)  is  70-30  weight  %  based  on  the  resin 

components  (100  weight  %),  and  it  is  preferably  50-40  weight  %.  The  reason  for  limiting  the  content  of  the 
ethylene-vinyl  acetate  copolymer  is  just  opposite  to  that  for  limiting  the  ethylene-propylene-diene  copolymer 
content.  That  is,  when  the  content  of  the  ethylene-vinyl  acetate  copolymer  is  lower  than  30  weight  %,  the 

30  resulting  film  shows  poor  formability,  and  when  it  exceeds  70  weight  %,  the  elastomer  film  shows  poor 
elongation. 

The  thermoplastic  elastomer  composition  according  to  the  present  invention  can  be  improved  with 
respect  to  its  anti-blocking  property  and  formability  by  adding  polyolefin.  The  polyolefins  added  to  the 
thermoplastic  elastomer  composition  include  homopolymers  of  a-olefins  such  as  ethylene,  propylene, 

35  butene-1,  pentene-1,  hexene-1,  4-methylpentene-1  ,  etc.,  copolymers  of  ethylene  with  propylene  or  other  a- 
olefins,  and  copolymers  of  two  or  more  of  these  a-olefins.  Among  them,  low-density  polyethylene,  linear 
low-density  polyethylene,  medium-  density  polyethylene,  high-density  polyethylene,  etc.  are  preferable.  The 
above  polyethylene  preferably  has  a  density  of  0.945  g/cm3  or  less,  and  a  melt  index  of  0.1-10  g/10 
minutes.  Incidentally,  the  term  "polypropylene"  used  herein  includes  not  only  homopolymer  of  propylene 

40  but  also  random  or  block  propylene  copolymers. 
The  amount  of  the  polyolefin  added  is  preferably  1-30  parts  by  weight  per  100  parts  by  weight  of 

EPDM  +  EVA,  and  particularly  5-20  parts  by  weight.  Incidentally,  the  amount  of  the  polyolefin  is  preferably 
determined  such  that  the  resulting  composition  containing  the  polyolefin  has  a  melt  index  of  0.5-20  g/10 
minutes.  When  the  amount  of  the  polyolefin  is  lower  than  1  part  by  weight,  sufficient  improvement  of  anti- 

45  blocking  property  and  formability  cannot  be  obtained,  and  when  it  exceeds  30  parts  by  weight,  the  resulting 
composition  shows  poor  elasticity. 

The  addition  of  powdery  inorganic  fillers  serves  to  improve  anti-blocking  property  and  heat  resistance  of 
the  thermoplastic  elastomer  composition  of  the  present  invention,  and  also  to  make  it  easier  to  achieve 
microporosity  of  the  resulting  composite  film.  Examples  of  the  inorganic  fillers  usable  in  the  present 

so  invention  include  talc,  calcium  carbonate,  gypsum,  carbon  black,  clay,  kaolin,  silica,  diatomaceous  earth, 
magnesium  carbonate,  barium  carbonate,  magnesium  sulfate,  barium  sulfate,  calcium  sulfate,  calcium 
phosphate,  aluminum  hydroxide,  zinc  oxide,  magnesium  hydroxide,  calcium  oxide,  magnesium  oxide, 
titanium  oxide,  alumina,  mica,  vitreous  volcanic  baloons,  zeolite,  silica  clay,  cement,  silica  fume  and 
micaceous  flour.  Among  the  above  fillers,  talc,  titanium  oxide,  calcium  carbonate,  silica,  etc.  are  proved  to 

55  be  particularly  desirable.  The  average  particle  diameter  of  such  fillers  is  required  not  to  exceed  5  urn,  and 
is  desired  to  fall  in  the  range  of  1-3  urn. 

These  powdery  inorganic  fillers  can  be  used  alone  or  in  combination.  The  amount  of  the  powdery 
inorganic  fillers  in  total  is  preferably  2-15  parts  by  weight  per  100  parts  by  weight  of  EPDM  +  EVA.  When  it 
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is  lower  than  2  parts  by  weight,  sufficient  effects  of  adding  powdery  inorganic  fillers  cannot  be  obtained, 
and  when  it  exceeds  15  parts  by  weight,  the  resulting  composition  shows  rather  decreased  strength. 
However,  since  the  compositions  containing  the  above  inorganic  fillers  show  decreased  film-forming 
properties  and  drawability,  the  amount  of  the  inorganic  fillers  should  be  determined  within  the  above  range 

5  depending  upon  an  application  of  the  elastomer  film. 
Incidentally,  in  the  present  invention,  the  composition  may  contain,  in  addition  to  the  above  additives,  a 

thermostabilizer,  an  ultraviolet  absorbing  agent,  an  anti-static  agent,  an  anti-oxidant,  a  colorant,  etc.  in 
proper  combination. 

The  elastomer  film  of  the  present  invention  can  be  produced  from  the  thermoplastic  elastomer 
w  composition  by  the  following  method. 

The  blending  of  the  above  ethylene-propylene-diene  copolymer  (EPDM),  the  ethylene-vinyl  acetate 
copolymer  (EVA)  and  optional  additives  should  be  conducted  at  a  temperature  of  170°C  or  lower. 
Particularly  in  the  present  invention,  the  blending  temperature  at  145-1  65  °C  is  preferable.  When  the 
blending  temperature  is  higher  than  170°  C,  the  resin  tends  to  be  thermally  deteriorated,  generating 

75  unpleasant  odor  and  tackiness.  Accordingly,  when  the  blending  is  conducted  in  an  extruder  such  as  a 
double-screw  extruder,  the  extruder  should  have  a  screw  structure  generating  little  heat,  or  it  should  be 
provided  with  a  proper  cooling  system.  With  respect  to  the  lower  limit  of  a  blending  temperature,  when  it  is 
lower  than  145°  C,  an  extrusion  rate  is  undesirably  unstable. 

It  is  also  necessary  that  the  resin  immediately  after  extruded  from  an  inflation  annular  die  is  at  a 
20  temperature  of  170°C  or  lower.  When  a  bubble  immediately  after  extruded  from  an  annular  die  is  at  a 

temperature  exceeding  170°  C,  the  bubble  cannot  be  cooled  to  45  °C  or  lower  by  a  first  cooling  ring. 
Particularly,  the  bubble  immediately  after  extruded  from  the  annular  die  is  preferably  at  a  temperature  of 
145-165°  C. 

The  bubble  extruded  from  the  annular  die  is  expanded  not  only  in  an  MD  direction  but  also  in  a  TD 
25  direction  while  being  cooled  by  an  air-cooled  inflation  method.  This  is  schematically  shown  in  Fig.  1. 

In  Fig.  1,  the  air-cooled  inflation  method  apparatus  comprises  an  annular  die  1,  a  first  cooling  ring  2 
disposed  just  above  the  annular  die  1  ,  a  second  cooling  ring  3  disposed  above  the  first  cooling  ring  2  and  a 
third  cooling  ring  4  disposed  slightly  above  the  second  cooling  ring  3. 

To  produce  the  elastomer  film  of  the  present  invention  by  an  air-cooled  inflation  method  by  using  the 
30  apparatus  of  the  above  structure,  a  molten  thermoplastic  elastomer  composition  is  first  extruded  through  an 

annular  orifice  11  of  the  annular  die  1  to  form  a  bubble  5.  The  bubble  5  just  after  extrusion  has  a  small 
diameter  because  of  a  low  melt  tension,  forming  a  so-called  neck  portion  51.  In  the  neck  portion  51,  the 
bubble  5  is  drawn  mainly  in  an  MD  direction.  Next,  the  bubble  5  is  drastically  expanded  to  a  larger 
diameter.  In  this  transition  portion  52,  the  bubble  5  is  drawn  not  only  in  an  MD  direction  but  also  in  a  TD 

35  direction.  The  bubble  5  has  a  frost  line  54  near  an  upper  end  of  the  transition  portion  52,  where  the 
thermoplastic  elastomer  composition  is  solidified.  The  bubble  5  is  further  cooled  by  the  second  cooling  ring 
3  disposed  above  the  frost  line  54  and  further  by  the  third  cooling  ring  4  disposed  above  the  second 
cooling  ring  3. 

The  air-cooled  inflation  method  for  producing  the  elastomer  film  of  the  present  invention  is  character- 
40  ized  by  controlling  temperatures  of  various  portions  of  the  bubble  5  as  follows: 

(a)  Temperature  immediately  after  extrusion  from  the  annular  die  1  is  170°  C  or  lower. 
(b)  In  the  neck  portion  51,  the  bubble  5  is  cooled  to  120°  C  or  lower. 
(c)  Near  the  frost  line  54,  the  bubble  5  is  cooled  to  45°  C  or  lower. 
(d)  The  bubble  5  is  cooled  to  35°  C  or  lower  by  the  second  cooling  ring  3. 

45  (e)  The  bubble  5  is  further  cooled  to  30°  C  or  lower  by  the  third  cooling  ring  4. 
With  respect  to  the  condition  (a),  the  reason  therefor  is  already  mentioned  above.  With  respect  to  the 

condition  (b),  unless  the  bubble  5  is  cooled  to  120°C  or  lower  in  the  neck  portion  51,  it  cannot  be  fully 
drawn  in  a  TD  direction  in  the  subsequent  transition  portion  52.  Namely,  unless  the  neck  portion  51  is 
cooled  to  120°C  or  lower,  the  transition  portion  52  does  not  have  a  sufficient  melt  tension,  resulting  in 

so  orientation  predominantly  in  an  MD  direction.  On  the  other  hand,  the  neck  portion  51  is  too  cooled,  it  would 
be  difficult  to  form  the  transition  portion  52,  namely  to  draw  the  bubble  5  in  the  TD  direction.  Accordingly, 
the  lower  limit  of  the  bubble  temperature  in  the  neck  portion  51  should  be  about  90°  C  The  neck  portion  51 
is  preferably  cooled  to  90-1  10°  C. 

Incidentally,  to  satisfy  these  temperature  conditions,  the  neck  portion  51  should  be  relatively  long.  The 
55  length  of  the  neck  portion  51  varies  depending  upon  the  diameter,  thickness  and  temperature  of  the  bubble 

5,  the  flow  amount  of  a  cooling  air  from  the  first  cooling  ring  2,  etc.,  but  to  satisfy  the  above  condition  (b),  a 
take-up  speed  of  the  bubble  5  should  be  such  that  the  neck  portion  51  has  a  diameter  equal  to  or  smaller 
than  the  annular  die  diameter  by  5-15%,  and  a  length  1.0-4.0  times  as  large  as  the  annular  die  diameter. 
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For  instance,  when  the  neck  portion  51  has  a  diameter  of  about  100  mm,  the  neck  portion  51  preferably  has 
a  length  of  100-400  mm.  With  respect  to  a  blow-up  ratio,  it  is  preferably  1.5-5.5,  particularly  3.0-5.0. 

With  respect  to  the  condition  (c),  cold  drawing  of  the  bubble  5  can  be  achieved  by  lowering  the  bubble 
temperature  in  the  frost  line  54  to  45°  C  or  lower.  When  the  thermoplastic  elastomer  composition  is  drawn 

5  at  a  temperature  of  about  35-50°  C,  particular  near  40°  C,  the  ethylene-propylene-diene  copolymer  compo- 
nent  is  partly  oriented  and  crystallized.  Accordingly,  when  the  bubble  temperature  in  the  frost  line  54  is 
higher  than  45°  C,  the  orientation  of  the  bubble  5  both  in  an  MD  direction  and  a  TD  direction  is  insufficient. 

With  respect  to  the  condition  (d),  a  thin,  uniform  bubble  can  be  stably  formed  by  cooling  the  bubble  5 
to  35  °  C  or  lower,  particularly  to  30  °  C  or  lower  above  the  frost  line  54.  If  the  bubble  5  is  kept  at  a 

10  temperature  higher  than  35  °C  above  the  frost  line  54  without  using  the  second  cooling  ring  3,  uneven 
orientation  is  likely  to  take  place.  Further,  when  the  bubble  5  is  kept  at  a  temperature  higher  than  30  °C 
without  using  the  third  cooling  ring  4,  the  bubble  5  tends  to  be  expanded  and  deformed,  making  the  overall 
bubble  unstable.  Thus,  it  is  important  that  there  is  substantially  no  orientation  in  a  relatively  upper  portion  of 
the  bubble  5.  The  preferred  cooling  temperature  of  the  bubble  5  by  the  second  cooling  ring  3  is  25-30°  C. 

75  With  respect  to  the  condition  (e),  since  uneven  cooling  is  likely  to  take  place  when  the  bubble  5  is 
cooled  completely  by  the  second  cooling  ring  3,  it  is  necessary  to  cool  the  bubble  5  further  by  the  third 
cooling  ring  4.  The  cooling  of  the  bubble  5  by  the  third  cooling  ring  4  is  preferably  to  30  °C  or  lower, 
particular  to  20-25°  C. 

By  these  second  and  third  cooling  rings  3,  4,  the  bubble  5  located  above  these  cooling  rings  is  not 
20  substantially  drawn. 

To  conduct  the  temperature  control  of  the  bubble  5  as  mentioned  above,  the  positions  of  the  first, 
second  and  third  cooling  rings  2,  3,  4,  and  the  take-up  speed  of  the  bubble  5  should  be  as  follows: 

25  (a)  First  cooling  ring  2 

It  is  disposed  adjacent  to  the  annular  die  1  to  eject  a  cooling  air  to  lower  the  temperature  of  the  neck 
portion  51  to  120°  C  or  lower.  By  this,  the  bubble  5  is  at  a  temperature  of  45  °  C  or  lower  in  the  frost  line  54 
downstream  of  a  transition  portion  52. 

30 

(b)  Second  cooling  ring  3 

It  is  disposed  above  the  annular  die  1  by  a  distance  H2  5-10  times  as  larger  as  a  diameter  of  the 
35  annular  die  1,  and  ejects  a  cooling  air  to  lower  the  temperature  of  the  bubble  5  to  35°  C  or  lower. 

(c)  Third  cooling  ring  4 

40  It  is  disposed  slightly  above  the  second  cooling  ring  3  by  a  distance  H3  0.5-5.0  times  as  large  as  a 
diameter  of  the  annular  die  1,  and  ejects  a  cooling  air  to  lower  the  temperature  of  the  bubble  5  to  30°  C  or 
lower. 

45  (d)  Take-up  speed 

It  is  set  such  that  the  length  Hi  of  the  neck  portion  51  is  1  .0-4.0  times  as  long  as  a  diameter  of  the 
annular  die  1.  By  this,  it  is  possible  to  lower  the  temperature  of  the  neck  portion  51  to  120°  C  or  lower  by 
the  first  cooling  ring  2. 

50  In  the  above  method,  as  a  cooling  air  ejected  from  the  first,  second  and  third  cooling  rings  2,  3,  4 
toward  the  bubble  5,  a  humid  air  is  preferable  from  the  standpoint  of  cooling  efficiency.  The  humid  air  is  an 
air  moistured  and  cooled  by  cold  water,  which  contains  a  moisture  in  a  saturated  state.  Thus,  it  provides  a 
cooling  effect  larger  than  by  about  5°C  than  a  dry  air.  Since  the  bubble  5  cannot  be  kept  stably  without 
stable  cooling  effect,  the  temperature  and  moisture  of  the  cooling  air  should  be  controlled  as  constant  as 

55  possible. 
The  resulting  elastomer  film  can  be  subjected  to  annealing  to  suppress  or  reduce  heat  shrinkage, 

thereby  preventing  blocking. 
This  annealing  can  be  conducted  by  heating  the  elastomer  film  at  50-60  °C  and  then  cooling  it  to  room 
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temperature.  Since  the  elastomer  film  is  usually  produced  as  a  continuous  film,  the  annealing  is  preferably 
conducted  continuously.  Since  the  elastomer  film  is  heat-shrinked  in  the  annealing  process,  the  take-up 
speed  of  the  elastomer  film  discharged  from  a  heating  chamber  is  set  by  about  3%  slower  than  the  supply 
speed  of  the  elastomer  film. 

The  elastomer  film  thus  obtained  is  fully  oriented  not  only  in  an  MD  direction  but  also  in  a  TD  direction, 
so  that  it  shows  excellent  mechanical  strength  and  extremely  small  anisotropy  in  heat  shrinkage. 

Specifically,  in  the  elastomer  film  of  the  present  invention  which  is  subjected  to  annealing,  the  draw 
ratio  expressed  by  a  heat  shrinkage  ratio  at  50°  C  is  5-35%,  preferably  15-25%  in  an  MD  direction,  and  5- 
25%,  preferably  10-25%  in  a  TD  direction,  a  ratio  of  the  draw  ratio  in  an  MD  direction  to  the  draw  ratio  in  a 
TD  direction  being  3  or  less,  preferably  1/2-2.  In  addition,  the  elastomer  film  before  annealing  has  an 
unevenness  in  thickness  R  (maximum  thickness  -  minimum  thickness  of  film)  of  5  urn  or  less,  and  a  strain 
within  10%  after  repeated  50%-elongation.  Thus,  the  elastomer  film  before  annealing  has  a  sufficiently  large 
heat  shrinkage  ratio  both  in  an  MD  direction  and  in  a  TD  direction  and  an  extremely  small  anisotropy,  so 
that  it  can  be  formed  into  an  excellent  microporous  film  when  combined  with  a  mesh-like  sheet  while 
heating. 

With  respect  to  the  elastomer  film  of  the  present  invention  which  is  subjected  to  annealing,  it  has  a 
draw  ratio  ratioexpressed  by  a  heat  shrinkage  ratio  at  50  'C  which  is  10-2%,  preferably  7-2%  in  an  MD 
direction,  and  10-2%,  preferably  7-2%  in  a  TD  direction,  a  ratio  of  the  draw  ratio  in  an  MD  direction  to  the 
draw  ratio  in  a  TD  direction  being  3  or  less,  preferably  1/2-2.  In  addition,  it  has  an  unevenness  in  thickness 
R  (maximum  thickness  -minimum  thickness  of  film)  of  5  urn  or  less,  and  a  strain  within  10%  after  repeated 
50%-elongation. 

Such  an  elastomer  film  of  the  present  invention  subjected  to  annealing  has  a  smaller  heat  shrinkage 
ratio  than  the  unannealed  elastomer  film,  but  the  annealed  elastomer  film  also  shows  extremely  small 
anisotropy.  Accordingly,  when  combined  with  a  mesh-like  sheet  while  heating,  it  can  provide  a  good 
microporous  film. 

Here,  in  the  case  of  EPDM/EVA  =  60/40  (weight  ratio),  an  example  of  film-forming  conditions  in  the 
production  of  an  elastomer  film  by  the  air-cooled  inflation  method  according  to  the  present  invention  will  be 
shown  in  Table  1  below  in  comparison  with  typical  film-forming  conditions  of  a  water-cooled  inflation 
method. 

Table  1 

10 

15 

20 

25 

30 

Film-Forming  Conditions  Air-Cooled  Water-Cooled 
Inflation  Method  Inflation  Method 

Cylinder  Temperature  of  Extruder  (*C)  1  40-1  55  1  65-1  75 
Resin  Temperature  at  Die  Exit  ('  C)  150-165  170-180 
Resin  Pressure  at  Die  Exit  (kg/cm2)  250-320  160-180 
Extrusion  Rate  (kg/hour)  24.0-28.0  27.0 
Take-Up  Rate  (m/minute)  15.0-35.0  4.5-6.0 
Film  Thickness  (urn)  10-60  60-200 

35 

40 

In  such  an  air-cooled  inflation  method  for  producing  the  elastomer  film  of  the  present  invention,  both  the 
melt-blending  temperature  in  an  extruder  and  the  temperature  at  an  annular  die  exit  are  kept  at  170  C  or 
lower,  and  inflation  is  conducted  at  a  large  take-up  speed  to  provide  a  thin  film. 

And  in  the  case  of  an  air-cooled  inflation  method  for  producing  the  elastomer  film  of  the  present 
invention,  influence  of  the  resin  temperature  at  the  annular  die  exit  on  the  melt  tension  and  film-forming 
properties  of  the  bubble  will  be  shown  in  Table  2  below  in  an  example  of  EPDM/EVA  =  60/40  (weight  ratio). 

45 

50 

55 
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Table  2 

Resin  Temperature  Melt  Film-Forming 
at  Die  Exit  (  C)  Tension 

(g) 

120-140  12-10  No  (Film  was  unstable  and  contained  gels) 
145-165  9.5-8.5  Good  (Both  neck  portion  and  bubble  were  stable) 
175-200  6.5-5.0  No  (Cells  were  generated) 

10 

Thus,  in  the  air-cooled  inflation  method,  unless  the  resin  temperature  at  an  annular  die  exit  is  170  C  or 
lower,  sufficient  meit  tension  cannot  be  achieved,  failing  to  form  a  stable  bubble.  On  the  other  hand,  when  it 
is  140°  C  or  lower,  the  bubble  has  an  excess  melt  tension,  rather  making  the  bubble  unstable. 

Next,  the  production  of  a  composite  film  by  using  the  above  elastomer  film  will  be  explained  below. 
The  elastomer  film  produced  by  an  air-cooled  inflation  method  itself  is  not  microporous,  so  that  it  has 

substantially  no  gas  permeability.  This  elastomer  film  is  combined  with  a  mesh-like  sheet. 
The  mesh-like  sheet  usable  in  the  present  invention  may  be  any  sheet  having  sufficiently  large  pores  as 

a  support  for  gas-permeable  films,  and  also  sufficient  mechanical  strength.  Its  examples  include  woven 
fabrics,  non-woven  fabrics,  knits,  papers,  porous  sheets,  etc.  The  preferred  mesh-like  sheets  are  non-woven 
fabrics  such  as  spun  bonded  non-woven  fabrics,  plain  width  fabrics  such  as  gauzes,  etc.  The  non-woven 
fabrics  need  not  be  made  of  long,  staple  fibers  but  may  be  made  of  short  fibers  intertwined  or  spot-fused 
with  each  other. 

It  is  required  that  the  mesh-like  sheet  is  not  heat-shrinked  or  melted  in  the  hot  pressing  process. 
Accordingly,  the  mesh-like  sheet  should  have  a  melting  point  or  a  secondary  transition  point  at  least  20°  C 
higher  than  that  of  the  elastomer  film. 

The  hot  pressing  of  the  elastomer  film  to  the  mesh-like  sheet  is  generally  carried  out  at  a  temperature 
of  80-150°  C  on  the  mesh-like  sheet  side,  and  at  a  temperature  of  75-95°  C  on  the  elastomer  film  side  at  a 
pressure  of  1.0-10  kg/cm2.  Though  the  temperature  and  pressure  ranges  are  more  or  less  variable  with  the 
composition  of  the  elastomer  film  and  type  of  mesh-like  sheet,  too  low  temperature  and  pressure  cannot  act 
to  adhere  the  elastomer  film  to  the  mesh-like  sheet  sufficiently,  and  too  high  temperature  and  pressure  lead 
to  the  decrease  in  waterproofness  of  the  resulting  composite  film.  The  particularly  preferred  hot  pressing 
conditions  are  temperatures  of  110-130°  C  on  the  mesh-like  sheet  side,  and  85-95°  C  on  the  elastomer  film 
side,  and  pressure  of  5-10  kg/cm2. 

To  produce  the  composite  film,  an  elastomer  film  with  or  without  annealing  may  be  used.  Since  the 
elastomer  film  is  heat-shrinked  in  the  hot  pressing  with  the  mesh-like  sheet  at  a  temperature  as  mentioned 
above,  the  same  effect  as  obtained  by  annealing  can  be  obtained. 

The  hot  pressing  of  the  elastomer  film  to  the  mesh-like  sheet  is  preferably  carried  out  by  using  a  heat 
roll.  In  the  hot  pressing,  various  arrangements  of  the  elastomer  film  and  the  mesh-  like  sheet  are  possible. 
Specifically,  one  elastomer  film  can  be  adhered  to  one  mesh-like  sheet,  and  one  elastomer  film  can  be 
sandwiched  by  two  mesh-like  sheets.  Alternatively,  the  mesh-like  sheet  can  be  sandwiched  by  two 
elastomer  films. 

In  the  present  invention,  after  hot  pressing  of  the  elastomer  film  to  the  mesh-like  sheet,  heating  and 
cooling  process  may  be  repeated.  In  this  case,  from  a  first  heating-cooling  step  to  a  subsequent  one,  a 
heating  temperature  is  preferably  elevated  stepwise,  because  if  the  hot-pressed  film  is  heated  straight  to  a 
high  temperature  by  a  single  step,  it  becomes  at  least  partially  fluid-like,  namely  it  is  at  least  partially 
melted,  losing  its  micropores.  In  the  first  heating-cooling  step,  the  heating  temperature  should  be  lower  than 
the  melting  temperature  of  the  film.  Thus,  it  is  usually  70-90°  C.  The  heating  time  is  not  particularly  limited, 
but  if  it  is  too  long,  the  micropores  tend  to  disappear.  Accordingly,  the  heating  time  is  preferably  within  60 
sec.  By  this  heat  treatment,  unstable  active  groups  in  the  resins  are  stabilized  by  cross-linking,  thereby 
increasing  the  heat  resistance  of  the  film  and  also  preventing  the  generation  of  unacceptable  odor. 

After  heating,  the  film  is  preferably  cooled  to  a  temperature  of  30  °C  or  lower.  The  function  of  this 
cooling  step  is  not  necessarily  clear,  but  when  the  subsequent  heating  step  is  conducted  without  cooling, 
the  film  tends  to  lose  micropores.  Accordingly,  the  cooling  step  is  indispensable  after  each  heating  step. 

The  heating  temperature  Is  elevated  stepwise  in  the  subsequent  heating-cooling  step,  and  the  incre- 
ment  of  the  heating  temperature  is  generally  50°  C  or  less.  If  the  heating  temperature  is  elevated  by  more 
than  50  °C  by  a  single  step,  the  film  is  likely  to  be  melted  because  of  insufficient  degree  of  cross-linking. 
On  the  other  hand,  when  the  increase  of  the  temperature  is  too  small,  the  overall  heat  treatment  becomes 
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uneconomical.  Therefore,  the  temperature  increment  from  one  step  to  a  subsequent  one  is  preferably  20- 
40  *C  for  practical  reasons.  With  this  temperature  increment,  the  heating-cooling  steps  are  repeated 
successively. 

The  number  of  the  heating-cooling  steps  and  the  heating  temperature  in  each  step  may  vary  depending 
5  upon  the  composition  of  the  elastomer  film,  the  type  of  the  mesh-like  sheet,  but  when  a  fabric  made  of 

synthetic  fibers  such  as  polyester  fibers,  nylon  fibers,  etc.  is  used,  it  is  preferable  to  conduct  3  steps  of 
heating  and  cooling:  A  first  step  at  80°  C,  and  a  second  step  at  100°  C  and  a  third  step  at  120°  C,  each  for 
60  sec  or  less,  and  cooling  to  30°  C  or  less  in  each  step.  In  the  case  of  using  a  fabric  made  of  natural  fibers 
such  as  cotton  fibers,  it  is  preferable  to  conduct  4  steps:  A  first  step  at  80°  C,  a  second  step  at  120°  C,  a 

w  third  step  at  160°  C,  a  fourth  step  at  200°  C,  each  for  60  sec  or  less,  and  cooling  to  30°  C  or  less  in  each 
step. 

In  addition,  in  the  present  invention,  after  at  least  one  heating-cooling  step,  electron  beam  irradiation 
can  be  conducted.  By  this  electron  beam  irradiation,  the  ethylene-propylene-diene  copolymer  and  the 
ethylene-vinyl  acetate  copolymer  in  the  film  are  further  cross-linked,  leading  to  the  improvement  of  the  heat 

75  resistance  of  the  composite  film  and  the  prevention  of  the  generation  of  odor.  In  this  case,  the  amount  of 
electron  beam  irradiated  is  preferably  5-20  Mrad. 

In  the  present  invention,  cross-linking  agents  are  not  used  to  accelerate  the  above  cross-linking 
reaction,  but  the  film  has  as  high  a  gel  percentage  as  65-95  weight  %  after  cross-linking. 

Fig.  2  illustrates  a  typical  apparatus  suitable  for  carrying  out  the  adhesion  of  the  elastomer  film  to  the 
20  mesh-like  sheet  by  hot  pressing  according  to  one  embodiment  of  the  present  invention.  The  hot  pressing 

apparatus  comprises  a  roll  23  for  cooling  the  elastomer  film  21  for  heat  setting,  guide  rolls  (preheat  rolls) 
24,  24'  for  guiding  the  mesh-like  sheets  22,  22',  a  heating  metal  roll  25,  a  pressure  roll  26  made  of  a 
silicone  rubber  for  preventing  the  sticking  of  the  elastomer  film  21,  and  cooling  rolls  27,  28.  The  gap 
between  the  heating  metal  roll  25  and  the  pressure  roll  26  can  be  suitably  adjusted  to  impart  desired 

25  adhesion  pressure  to  a  composite  film  being  formed. 
In  the  present  embodiment,  one  elastomer  film  21  is  bonded  on  both  surfaces  to  the  mesh-like  sheets 

22,  22'  by  hot  pressing.  Where  the  composite  film  is  desired  to  have  one  mesh-like  sheet,  either  one  of  the 
mesh-like  sheet  22',  or  22'  should  be  omitted.  On  the  other  hand,  where  the  composite  film  is  desired  to 
have  one  mesh-like  sheet  interposed  between  two  elastomer  films,  it  suffices  to  simply  exchange  the 

30  positions  of  the  elastomer  film  21  and  the  mesh-like  sheets  22,  22  . 
Fig.  3  shows  the  details  of  the  gas-permeable  composite  film  30  obtained  by  hot-pressing  the  elastomer 

film  21  to  the  mesh-like  sheet  22.  Since  the  elastomer  film  21  is  adhered  to  the  fibers  33  of  the  mesh-like 
sheet  22,  an  elastomer  film  portion  29  existing  in  a  space  between  the  adjacent  fibers  33  is  in  a  state  of 
being  fixed  by  the  surrounding  fibers  33.  Here,  when  the  elastomer  film  portion  29  is  subjected  to  heat 

35  shrinkage,  the  elastomer  film  portion  29  is  pulled  by  the  surrounding  fibers  33  because  the  positions  of  the 
surrounding  fibers  33  are  not  substantially  changed. 

Fig.  4  is  an  enlarged  cross-sectional  view  showing  one  example  of  the  adhesion  state  of  an  elastomer 
film  40  and  fibers  33  of  the  mesh-like  sheet.  Since  the  fibers  33  are  embedded  in  the  elastomer  film  40, 
they  microscopically  serve  as  fixed  frameworks  for  the  elastomer  film  40  in  the  heat  shrinkage  of  the 

40  elastomer  film  40.  Thus,  fine  gaps  (micropores)  are  generated  between  the  fibers  33  and  the  elastomer  film 
40. 

Fig.  5  is  an  enlarged  cross-sectional  view  showing  one  example  of  a  composite  film  produced  by  hot 
pressing  of  two  elastomer  films  40,  40'  to  a  mesh-like  sheet.  Similarly  in  Fig.  4,  the  fibers  33  microscopi- 
cally  serve  as  fixed  frameworks  for  films  40,  40'  at  the  time  of  the  heat  shrinkage  of  the  films  40,  40  , 

45  causing  fine  gaps  (micropores)  between  the  fibers  33  and  the  films  40,  40  . 
As  described  above,  the  composite  film  obtained  according  to  the  method  of  the  present  invention  has 

micropores  by  heat  shrinkage,  and  the  film  layer  of  the  composite  film  has  high  heat  resistance  because  it 
is  cross-linked  by  thermal  energy  or  electron  beam  irradiation.  Accordingly,  it  is  relatively  difficult  to  bond 
the  cross-linked  films  by  thermal  fusion.  Thus,  the  following  bonding  techniques  are  preferably  utilized: 

50  (1)  By  high-frequency  fusion,  the  composite  film  is  bonded  in  a  finished  product  shape  such  as  a  glove, 
and  then  subjected  to  a  cross-linking  treatment. 
(2)  An  uncross-linked  film  such  as  an  unoriented  film  is  interposed  between  the  composite  films  and  then 
bonded  together. 
(3)  Bonding  is  conducted  after  preliminary  heating  high-frequency  electrodes.  The  composite  film  cross- 

55  linked  by  irradiation  of  5-20  Mrad  can  be  completely  bonded  at  an  annular  die  temperature  of  130°  C  or 
higher. 
The  thermoplastic  elastomer  composition  comprising  the  ethylene-propylene-diene  copolymer  and  the 

ethylene-vinyl  acetate  copolymer  has  a  good  stretchability  in  a  relatively  low  temperature  range  of  40-60  C. 
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To  conduct  orientation  of  the  elastomer  film  by  an  air-cooled  inflation  method  in  a  low  temperature  range  of 
40-60°  C,  a  neck  portion  is  first  formed  in  such  a  temperature  range  that  an  elastomer  film  shows  a  melt 
tension,  enabling  the  production  of  a  stable  thin  film  stably,  and  then  it  is  cooled  and  solidified  while  being 
oriented  biaxially  from  the  neck  portion  toward  the  frost  line.  Thus,  a  thin,  uniform  bubble  can  be  formed 

5  stably. 
Incidentally,  double  bonds  contained  in  main  chains  of  the  elastomer  serve  as  cross-linking  points  which 

reduce  the  sliding  of  the  molecular  chains,  thereby  generating  rubber  elasticity.  However,  the  double  bonds 
are  vulnerable  to  oxidation.  When  the  double  bonds  are  oxidized,  molecular  chains  are  cut,  generating  new 
cross-linking  points.  When  the  elastomer  molecular  chains  are  cut,  the  elastomer  film  becomes  sticky,  and 

10  when  the  elastomer  molecular  chains  are  largely  cross-linked,  the  elastomer  film  becomes  brittle.  In  any 
case,  the  rubber  elasticity  will  be  lost.  Accordingly,  a  proper  heat  treatment  should  be  conducted  to  achieve 
a  proper  cross-linking. 

The  present  invention  will  be  explained  in  further  by  means  of  the  following  Examples  and  Comparative 
Examples. 

75 

Example  1,  Comparative  Examples  1  and  2 

A  composition  consisting  of  60  weight  %  of  an  ethylene-propylene-diene  copolymer  (Vistalon  3708 
20  produced  by  Exxon  Chemical  Japan,  Ltd.)  and  40  weight  %  of  an  ethylene-vinyl  acetate  copolymer  (vinyl 

acetate  content:  28  weight  %,  melt  index:  20  g/10  minutes)  was  melted  and  kneaded  in  a  double-screw 
extruder.  The  resulting  blend  was  formed  into  an  elastomer  film  by  an  air-cooled  inflation  method  (Example 
1,  Comparative  Example  1)  and  by  a  water-cooled  inflation  method  (Comparative  Example  2).  The  film- 
forming  conditions  and  the  properties  of  the  resulting  elastomer  film  are  shown  in  Table  3.  The  film  forming 

25  conditions  in  Example  1  are  also  shown  in  Fig.  6.  Incidentally,  the  resulting  elastomer  films  were  not 
subjected  to  annealing. 

The  bubble  stability  was  evaluated  by  the  naked  eyes  and  classified  as  follows: 
©:  Extremely  stable. 
O:  Stable. 

30  A:  Unstable. 

35 
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50 
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Table   3 

C o m p a r a t i v e   E x a m p l e  
1  2  

E x a m p l e  
1 

A  CO) 

F i l m - F o r m i n g   C o n d i t i o n s  

A C 1 )  WC<2> I n f l a t i o n   M e t h o d  

10 
Bubb le   Type<3)  
( N e c k   l e n g t h / d i e   d i a m e t e r )   H  (1.8)  L  (0)  L  (0)  

C y l i n d e r   T e m p e r a t u r e   1 5 0   1 5 0   1 5 0  
of  Ex t rude r   ( ° C )  

Res in   T e m p e r a t u r e   1 5 5   1 5 5   1 6 5  
at  Die  Exit  ( °C)  

Resin  P r e s su re   at  Die  3  80  3  80  2 8 0  
Exit  ( k g / c m 2 )  

B l o w - U p   Ratio  3.8  3.8  1 . 6  

T a k e - U p   Speed  3 3 . 4   11.1  6 . 0  
( m / m i n u t e )  
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Table   3  ( C o n t i n u e d )  

C o m p a r a t i v e  
E x a m p l e  

1  : 

E x a m p l e  

P r o p e r t i e s   of  F i lm  1 

10 
Fi lm  T h i c k n e s s   (Jim)  1  2  

Yie ld   S t r e n g t h ^ )   ( M D   5  1 

75  ( k g / c m 2 )   j 
1  T D   2 0  

B r e a k i n g   S t r e n g t h ^ )   <  M D   3  6 5  

zo  ( k g / c m 2 )   ] 
^ T D   2 6 0  

E l o n g a t i o n   at  r M D   3  0 0  

25  B r e a k s )   ( % )  
^ T D   3 5 0  

1 % - M o l u d u s ( 7 )   r M D   1 5 6  

30  ( k g / c m 2 )  
L T D   1 3 0  

20   1 0 0  

45  2 6  

17  2 0  

1 9 0   1 9 7  

1 2 0   1 2 5  

4 3 0   6 2 1  

5 8 0   7 1 5  

1 4 0   1 0 6  

145   1 1 3  

29  1 3  

62  2 9  

20  5 

5  3 

5.0  4 . 0  

3.0  2 . 0  

4  3 0  

Tear   S t r e n g t h ^ )   (g)  , M D   14.3  2  9  1 3  

35  I 
L t d   20 .5   62  2 9  

Heat   S h r i n k a g e   r M D   2  5  20  5 

40  Ratio  (at  5 0 ° C ,  
7  days)  l T D   2  0  5  3 

Strain  (%)  after  r M D   5.0  5 .0  4 . 0  

45  R e p e a t e d   5 0 % -   ] 
E l o n g a t i o n ( 9 )   ^ T D   4.0  3.0  2 . 0  

U n e v e n n e s s   in  3  4  3  0  

50  T h i c k n e s s   R<10>  ( \ i m )  

B u b b l e   S t a b i l i t y   O   O  O  

55 

12 
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N o t e   (1):  A i r - c o o l e d .  

(2):  W a t e r - c o o l e d .  

D i r e c t i o n   of  d r a w i n g :   d o w n w a r d .  

Cool ing   water   temp.:   3 0 ° C .  

Temp,   near  a  frost  line:  2 5 ° C .  

(3):  L:  No  n e c k .  

H:  Long   neck  ( H i g h - n e c k   t y p e ) .  

(4):  M e a s u r e d   a c c o r d i n g   to  A S T M - D 8 8 2 .  

(5):  M e a s u r e d   a c c o r d i n g   to  A S T M - D 8 8 2 .  

(6):  M e a s u r e d   a c c o r d i n g   to  A S T M - D 8 8 2 .  

(7):  M e a s u r e d   a c c o r d i n g   to  A S T M - D 8 8 2 .  

(8):  M e a s u r e d   a c c o r d i n g   to  A S T M - D 1 9 2 2 .  

(9):  M e a s u r e d   a c c o r d i n g   to  JIS  L 1 0 9 6 .  

(10) :   M e a s u r e d   a c c o r d i n g   to  JIS  Z 8 1 0 5 .  

M e a s u r e d   with  a  dial  g a u g e .  

R  =  M a x i m u m   th ickness   -  m i n i m u m  

t h i c k n e s s .  

As  is  clear  from  Table  3,  the  air-cooled  inflation  method  in  Example  1  produced  a  thin  elastomer  film 
(12  urn)  stably  at  a  high  take-up  speed  of  33.4  m/minute.  On  the  other  hand,  the  take-up  speed  in 
Comparative  Example  1  was  as  low  as  11.1  m/minute.  Further,  in  Comparative  Example  2,  the  resulting 
elastomer  film  was  as  thick  as  100  urn.  This  means  that  the  elastomer  film  cannot  be  produced  stably  at  as 
high  a  speed  as  in  Example  1  when  the  inflation  methods  in  Comparative  Examples  1  and  2  are  used. 

w 
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20 

25 

30 

35 

40 

Examples  2-1  1 

100  parts  by  weight  of  a  composition  consisting  of  60  weight  of  an  ethylene-propylene-diene  copolymer 
(Vistalon  3708  produced  by  Exxon  Chemical  Japan,  Ltd.)  and  40  weight  %  of  an  ethylene-vinyl  acetate 
copolymer  (vinyl  acetate  content:  28  weight  %  melt  index:  20  g/10  minutes)  was  mixed  with  one  of  low- 
density  polyethylene  (LDPE,  density:  0.923  g/cm3,  Ml:  6.0  g/10  minutes),  high-density  polyethylene  (HDPE, 
density:  0.940  g/cm3,  Ml:  0.1  g/10  minutes),  linear  low-density  polyethylene  (LLDPE,  density:  0.935  g/cm3, 
Ml:  2.8  g/10  minutes)  and  calcium  carbonate  (CaCO3,  Ryton  A  manufactured  by  Shiraishi  Calcium  K.K.)  in  a 
proportion  shown  in  Table  4  and  melt-blended  in  a  double-screw  extruder.  Each  of  the  resulting  composi- 
tions  was  formed  into  an  elastomer  film  by  the  same  air-cooled  inflation  method  as  in  Example  1,  and  each 
of  the  resulting  elastomer  films  was  annealed  at  50-60°  C. 

The  compositions  and  the  film-forming  conditions  of  the  elastomer  films  are  shown  in  Table  4,  and  the 
mechanical  properties  of  the  elastomer  films  are  shown  in  Table  5. 

Incidentally,  the  anti-blocking  property  in  Examples  2-11  was  evaluated  by  measuring  store  time  of 
each  wound  elastomer  film  of  5000  m  in  a  Gear  oven,  after  which  the  film  could  be  unwound  completely 
with  a  film  width  reduction  of  20%  or  less. 

45 

50 

55 
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A:  Store  time  =  less  than  72  hours. 
O:  Store  time  =  72  hours  or  longer  and  less  than  168  hours 
©:  Store  time  =  168  hours  or  longer. 

The  evaluation  of  a  heat  shrinkage  ratio  was  conducted  after  annealing. 
5 

Table   4  

E x a m p l e   No.  2  3  4  

C o m p o s i t i o n *  

LDPE  -  8  10  1 2  

15  HDPE  -  8 

LLDPE  -  - 

20  Filler  (CaCO3)  -  . . .  

F i l m - F o r m i n g   C o n d i t i o n s  

25  B u b b l e   T y p e  
( N e c k   l e n g t h /   H  (2.0)  H  (2.0)  H  (2.0)  H  (2.0)  H  (2 .0 )  
die  d i a m e t e r )  

30  Cy l inde r   Temp,   of  1 5 0   150   1 5 0   1 5 0   1 5 0  
E x t r u d e r   ( ° C )  

Resin  Temp,   at  155   155   155   155   1 5 5  
35  Die  Exit  ( ° C )  

Res in   P r e s s u r e   at  3 4 0   3 5 0   3 5 0   3 6 0   3 6 i  
Die  Exit  ( ° C )  

40 

B l o w - U p   Rat io   5 .0  5.0  5 .0  5 .0  5 . 0  

T a k e - U p   S p e e d   25  25  25  25  2 5  
45  ( m / m i n u t e d )  

50 

55 

14 
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Table   4  ( C o n t i n u e d )  

E x a m p l e   No.  7  8  9  10  11 
5 

C o m p o s i t i o n *  

LDPE  -  . . .  

,0  HDPE  10  1 2  

LLDPE  -  -  10  1 2  

Fil ler   (CaCO3)  -  -  -  -  1 0  
75 

F i l m - F o r m i n g   C o n d i t i o n s  

20  
B u b b l e   T y p e  
( N e c k   l e n g t h /   H  (2.0)  H  (2.0)  H  (2.0)  H  (2.0)  H  ( 2 . 0 )  
die  d i a m e t e r )  

25  C y l i n d e r   Temp,   of  1 5 0   1 5 0   1 5 0   1 5 0   1 5 0  
E x t r u d e r   ( ° C )  

Res in   Temp,   at  155   155   155   155   1 5 5  

30  
Die  Exit  ( ° O  

Res in   P r e s s u r e   at  3 7 0   3 8 0   3 5 5   3 7 0   3 8 0  
Die  Exit  ( °C)  

35 
B l o w - U p   Ratio  5.0  5.0  5.0  5 .0   5 . 0  

T a k e - U p   Speed   25  25  25  25  2 5  
( m / m i n u t e d )  

Note  *:  A m o u n t   per  100  parts  by  weight   of  E P D M   +  

45  EVA  (unit:  parts  by  w e i g h t ) .  

50 

55 
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Table   5 

P r o p e r t i e s   of  F i l m  

Fi lm  T h i c k n e s s   ( jxm) 

B r e a k i n g   S t r e n g t h ^ 1 )  

f ( g / 2 5 m m )  
M D  

' ( k g / c m 2 )  

2 3  2 3  2 3  24  2 2  

10 
9 0 0   1 0 0 0   1 0 1 0   1 0 6 7   1 0 0 0  

1 8 0   2 0 0   2 0 2   2 1 5   2 0 0  

75 
8 0 0   8 0 0   7 9 0   8 5 5   8 5 0  r ( g / 2 5 m m )  

*  ( k g / c m 2 )  

(  M D  

I-  T D  

f M D  

T D  
160   1 6 0   158  177   1 7 0  

20 
7 0 0   7 0 0   7 0 0   6 2 0   7 0 0  E l o n g a t i o n  

at  Break<2> 

(%)  

T e a r  
S t r e n g t h ^ 3 )  
( g )  

7 5 0   7 7 0   7 5 0   6 5 0   8 0 0  

25 
1 1 0   1 2 0   125  1 4 0   1 3 5  

L t d  98  110   110   1 2 0   1 1 0  

30 
7.0  6.0  5.0  5 . 0  6 . 0  Heat   S h r i n k a g e   r  M  D  

Ratio  (%)  i 

(at  50°C,  7  days)  i T D  

Strain  (%)  after  r M D  

R e p e a t e d   5 0 % -   < 
E l o n g a t i o n ^ )   I T D  

U n e v e n n e s s   i n  
T h i c k n e s s   R<5)  ( | x m )  

3.0  3.0  2 . 0  2 . 7  3 . 7  

35 
5.0  5.5  6.0  6.5  7 . 5  

4.0  4.0  3.0  7 . 0  4 . 0  

40 

o  o  B u b b l e   S t a b i l i t y  

A n t i - B l o c k i n g   I 

45 

2 5 ° C  

O  O  A  A  4 0 ° C  50 

55 
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Table   5  ( C o n t i n u e d )  

11 P r o p e r t i e s   of  F i l m  

Fi lm  T h i c k n e s s   ( J i m )  

B r e a k i n g   S t r e n g t h ^ 1 )  
r ( g / 2 5 m m )  

22  2 2  2 4  2 3  2 4  

10 
1 1 0 0   1 1 5 0   1 0 0 0   1 1 0 0   8 0 0  

M D  
2 2 0   2 3 0   2 0 0   2 2 0   1 6 0  I ( k g / c m 2 )  

, ( g / 2 5 m m )  

I ( k g / c m 2 )  

,  M D  

' t d  

" M D  

T D  

75 
8 0 0   7 0 0   8 5 0   8 2 0   6 8 0  

T D  
1 6 0   1 4 0   170   164   1 3 6  

20 
6 5 0   6 9 0   7 0 0   7 2 0   6 1 0  E l o n g a t i o n  

at  B r e a k ^ )  

(%)  

T e a r  
S t r e n g t h ^ 3 )  
( g )  

7 7 0   7 3 0   8 2 0   8 8 0   7 1 0  

25 
145   1 5 5   130   140   1 1 5  

1 4 0   1 4 0   150  155  1 1 0  

30 
Heat   S h r i n k a g e   r  M  D  
Ratio  ( % )  
(at  50°C,  7  days)  l T D  

Strain  (%)  after  r M D  

R e p e a t e d   5 0 % -  
E longa t ionC4)   L T D  

U n e v e n n e s s   i n  
T h i c k n e s s   R<5)  ( j i m )  

5 .0   5.0  5.0  6 . 4  5 . 0  

5 . 6  2.7  2.3  2.5  2 . 5  

35 
7.5  8.0  7.5  8.1  6 . 4  

7.7  7 .9  7.7  8.0  5 . 9  

40 

o   o  45  B u b b l e   S t a b i l i t y  

2 5 ° C  

4 0 ° C  
A n t i - B l o c k i n g  

o   o  o  50 

55 
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No te   (1):  M e a s u r e d   a c c o r d i n g   to  JIS  LI  0 9 6 .  

(2):  M e a s u r e d   a c c o r d i n g   to  JIS  L 1 0 9 6 .  

(3):  M e a s u r e d   a c c o r d i n g   to  JIS  K 6 7 7 2 .  

(4):  M e a s u r e d   a c c o r d i n g   to  JIS  LI  0 9 6 .  

(5):  M e a s u r e d   a c c o r d i n g   to  JIS  Z 8 1 0 5 .  10 

Example  12 

The  elastomer  film  obtained  in  Example  1  and  a  plain  weave  fabric  made  of  a  mixture  of  polyester 
fibers  and  nylon  fibers  (basis  weight:  18  g/m2,  manufactured  by  Toyobo  Co.,  Ltd.)  were  fed  at  a  rate  of  5 
m/minute  to  an  apparatus  as  illustrated  in  Fig.  2,  and  subjected  to  hot  pressing  at  a  temperature  of  110°  C 
from  the  fabric  side  under  pressure  of  5  kg/cm2. 

Next,  the  resulting  composite  film  was  heated  at  80  °C  for  30  sec  and  then  cooled  to  30  °C.  It  was 
reheated  at  100°C  for  30  sec  and  then  cooled  to  30  °C.  It  was  again  reheated  at  120°C  for  30  sec  and 
then  cooled  to  30  °  C. 

The  composite  film  thus  heat-treated  was  measured  with  respect  to  thickness,  basis  weight,  air 
permeability  and  heat  resistance.  The  results  are  shown  in  Table  6. 
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20 

25 

Example  13 

Example  12  was  repeated  except  for  using  a  cotton  fabric  (33  g/m2)  as  a  fabric  and  conducting,  after 
hot  pressing,  the  following  heating-cooling  steps: 
First  step:  heating  at  80°  C  for  60  sec  and  cooling  to  30°  C; 
Second  step:  heating  at  120°  C  for  60  sec  and  cooling  to  30°  C; 
Third  step:  heating  at  160°  C  for  60  sec  and  cooling  to  30°  C; 
Fourth  step:  heating  at  200°  C  for  60  sec  and  cooling  to  30°  C; 

The  composite  film  produced  under  the  above  conditions  was  subjected  to  the  same  measurements  as 
in  Example  2.  The  results  are  shown  in  Table  6. 

30 

35 

Example  14 

Example  13  was  repeated  except  for  using  a  gauze  (30  g/m2)  instead  of  a  cotton  fabric,  and  the  same 
measurements  were  carried  out  as  in  Example  12.  The  results  are  shown  in  Table  6. 

40 

45 
Example  15 

The  elastomer  film  obtained  in  Example  1  was  sandwiched  by  the  cotton  fabric  used  in  Example  13  and 
a  polyester  fabric  and  hot-pressed  under  the  same  conditions  as  in  Example  12. 

Next,  the  heating-cooling  steps  were  conducted  under  the  same  conditions  as  in  Example  13  to  cross- 
link  the  elastomer  film.  The  resulting  composite  film  was  measured  with  respect  to  thickness,  basis  weight, 
air  permeability  and  heat  resistance.  The  results  are  shown  in  Table  6. 

50 

Example  16 

The  composite  film  hot-pressed  in  Example  12  was  subjected  to  heat  treatment  at  80°  C  for  60  sec  and 
then  irradiated  with  electron  beam  of  10  Mrad  to  produce  a  heat-resistant,  air-permeable  composite  film. 

55 
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The  same  tests  were  conducted  as  in  Example  12,  and  the  results  are  shown  in  Table  6.  Incidentally,  in  the 
irradiation  step  of  electron  beam,  the  generation  of  unacceptable  odor  was  not  observed. 
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No te   (1):  E x p r e s s e d   by  the  time  (sec)  neces sa ry   f o r  
5 

100  cc  of  the  air  to  pass  t h rough   a  c i r c u l a r  

area  ( 645 .16   mm2)  of  a  c o m p o s i t e   f i l m  

w  s a m p l e .  

(2):  E v a l u a t e d   by  o b s e r v i n g   what   c h a n g e   t o o k  

place  in  60  sec  on  a  c o m p o s i t e   film  s a m p l e  
75 

placed  2.0  cm  apart   from  a  hea ter   at  e a c h  

t e m p e r a t u r e   with  its  film  side  toward   t h e  

20  h e a t e r .  

O:  No  c h a n g e .  

A:  D i s c o l o r e d   ( fabr ic   po r t ion   s c o r c h e d ) .  
25 

X:  B u r n e d   ( fabr ic   po r t i on   b u r n e d ) .  

(3):  P o l y e s t e r   f ibers  +  nylon  f i b e r s .  

30  (4):  S a n d w i c h   s t r u c t u r e   of  co t ton   f a b r i c /  

e l a s t o m e r   f i l m / p o l y e s t e r   f a b r i c .  

35  As  described  above  in  detail,  since  the  elastomer  film  of  the  present  invention  is  produced  by  an  air- 
cooled  inflation  method,  a  sufficient  orientation  not  only  in  an  MD  direction  but  also  in  a  TD  direction  is 
achieved,  and  it  shows  almost  uniform  heat  shrinkage  biaxially. 

The  elastomer  film  of  the  present  invention  produced  by  an  air-cooled  inflation  method  has  also  a 
uniform  thickness  because  each  portion  of  the  bubble  (a  portion  just  above  an  annular  die  exit,  a  neck 

40  portion,  a  transition  portion,  and  a  frost  line)  is  controlled  at  an  optimum  temperature. 
Since  the  elastomer  film  of  the  present  invention  produced  by  such  an  air-cooled  inflation  method  is 

biaxially  oriented,  it  can  be  combined  with  a  mesh-like  sheet  without  a  stretching  step  and  heat-shrinked  to 
provide  a  microporous  composite  film. 

Such  a  composite  film  shows  excellent  waterproofness  and  gas  permeability,  and  utilizing  these 

45  properties,  various  clothings,  particularly  disposable  raincoats,  gloves,  sheets,  diapers,  etc.  can  be  produced 
therefrom.  Also,  they  are  used  for  wrappings  of  deodorants,  odorants,  etc. 

Since  the  annealed  elastomer  film  shows  a  reduced  heat  shrinkage,  they  can  be  used  for  applications 
such  as  clothings  in  which  little  heat  shrinkage  is  desired. 

50 
Claims 

1  .  An  elastomer  film  produced  from  a  thermoplastic  elastomer  composition  comprising  30-70  weight  %  of 
an  ethylene-propylene-diene  copolymer  and  70-30  weight  %  of  an  ethylene-vinyl  acetate  copolymer  having 

55  a  vinyl  acetate  content  of  5-30  weight  %  and  a  melt  index  of  0.2-25  g/10  minutes  by  an  air-cooled  inflation 
method,  said  elastomer  film  having  a  thickness  of  10-60  u,m,  and  a  draw  ratio  expressed  by  a  heat 
shrinkage  ratio  at  50°  C  which  is  5-35%  in  an  MD  direction  and  5-25%  in  a  TD  direction,  a  ratio  of  the  draw 
ratio  in  an  MD  direction  to  the  draw  ratio  in  a  TD  direction  being  3  or  less. 

21 
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2.  An  elastomer  film  produced  from  a  thermoplastic  elastomer  composition  comprising  30-70  weight  %  of 
an  ethylene-propylene-diene  copolymer  and  70-30  weight  %  of  an  ethylene-vinyl  acetate  copolymer  having 
a  vinyl  acetate  content  of  5-30  weight  %  and  a  melt  index  of  0.2-25  g/10  minutes  by  an  air-cooled  inflation 
method  and  then  by  annealing,  said  elastomer  film  having  a  thickness  of  10-60  urn,  and  a  draw  ratio 

5  expressed  by  a  heat  shrinkage  ratio  at  50  °C  which  is  10-2  %  in  an  MD  direction  and  10-2  %  in  a  TD 
direction,  a  ratio  of  the  draw  ratio  in  an  MD  direction  to  the  draw  ratio  in  a  TD  direction  being  3  or  less. 
3.  The  elastomer  film  according  to  claim  2,  wherein  said  elastomer  film  is  annealed  at  50-60°  C. 
4.  The  elastomer  film  according  to  any  of  claims  1  to  3,  wherein  said  thermoplastic  elastomer  composition 
contains  a  polyolefin  in  an  amount  of  1-30  parts  by  weight  per  100  parts  by  weight  of  said  thermoplastic 

w  elastomer  composition. 
5.  The  elastomer  film  according  to  any  of  claims  1  to  4,  wherein  said  thermoplastic  elastomer  composition 
contains  an  inorganic  filler  in  an  amount  of  2-15  parts  by  weight  per  100  parts  by  weight  of  said 
thermoplastic  elastomer  composition. 
6.  A  composite  film  constituted  by  (a)  an  elastomer  film  as  claimed  in  either  of  claims  1  and  2,  and  (b)  a 

75  mesh-like  sheet,  said  elastomer  film  being  hot-pressed  to  said  mesh-like  sheet  so  that  said  elastomer  film  is 
fixed  to  said  mesh-like  sheet  while  being  heat-shrinked,  whereby  said  elastomer  film  is  made  microporous. 
7.  The  composite  film  according  to  claim  6,  wherein  said  elastomer  film  has  a  thickness  of  10-40  urn. 
8.  A  method  of  producing  an  elastomer  film  from  a  thermoplastic  elastomer  composition  by  an  air-cooled 
inflation  method,  comprising  the  steps  of: 

20  (a)  extruding  said  thermoplastic  elastomer  composition  from  an  annular  die  at  a  temperature  of  170°  C  or 
lower; 
(b)  taking  up  a  bubble  of  said  elastomer  film  such  that  a  neck  portion  of  said  bubble  is  1  .0-4.0  times  as 
long  as  a  diameter  of  said  annular  die; 
(c)  cooling  said  neck  portion  to  a  temperature  of  120°C  or  lower  by  a  cooling  air  ejected  from  a  first 

25  cooling  ring  disposed  near  said  annular  die; 
(d)  drawing  said  bubble  both  in  an  MD  direction  and  in  a  TD  direction  in  a  bubble  transition  portion 
between  said  neck  portion  and  a  frost  line,  while  lowering  the  temperature  of  said  bubble  in  said  frost 
line  to  45  °  C  or  lower; 
(e)  cooling  said  bubble  to  a  temperature  of  35°  C  or  lower  by  a  cooling  air  ejected  from  a  second  cooling 

30  ring  disposed  above  said  frost  line;  and 
(f)  cooling  said  bubble  to  a  temperature  of  30°  C  or  lower  by  a  cooling  air  ejected  from  a  third  cooling 
ring  disposed  slighlly  above  said  second  cooling  ring,  whereby  said  bubble  is  not  subsequently  drawn. 

9.  The  method  according  to  claim  8  ,  further  comprising  the  step  of  (g)  subjecting  the  elastomer  film  to 
annealing  at  50-60  °  C. 

35  10.  The  method  according  to  either  of  claims  8  and  9,  wherein  said  cooling  air  is  a  humid  air. 
11.  The  method  according  to  any  of  claims  8  to  10,  wherein  a  draw  ratio  of  said  bubble  expressed  by  heat 
shrinkage  ratio  at  50°  C  is  5-35%  in  an  direction  and  5-25%  in  a  TD  direction. 
12.  An  apparatus  for  producing  an  elastomer  film  from  a  thermoplastic  elastomer  composition  by  an  air- 
cooled  inflation  method,  comprising: 

40  (a)  an  annular  die  for  extruding  said  thermoplastic  elastomer  composition  at  a  temperature  of  170°  C  or 
lower; 
(b)  a  first  cooling  ring  disposed  near  said  annular  die  for  cooling  a  neck  portion  of  a  bubble  formed  from 
said  thermoplastic  elastomer  composition  to  a  temperature  of  120°  C  or  lower; 
(c)  a  second  cooling  ring  disposed  above  a  frost  line  of  said  bubble  for  cooling  said  bubble  to  a 

45  temperature  of  35°  C  or  lower; 
(d)  a  third  cooling  ring  disposed  slighlly  above  said  second  cooling  ring  for  cooling  said  bubble  to  a 
temperature  of  30  °  C  or  lower;  and 
(e)  a  means  for  taking  up  said  bubble  at  such  a  take-up  speed  that  said  neck  portion  is  1  .0-4.0  times  as 
long  as  a  diameter  of  said  annular  die. 

so  13.  The  apparatus  according  to  claim  12,  wherein  said  second  cooling  ring  is  disposed  above  said  annular 
die  by  a  distance  5-10  times  as  large  as  said  annular  die  diameter. 
14.  The  apparatus  according  to  either  of  claims  12  and  13,  wherein  said  third  cooling  ring  is  disposed 
above  said  second  cooling  ring  by  a  distance  0.5-5.0  times  as  large  as  said  second  cooling  ring. 
15.  The  apparatus  according  to  any  of  claims  12  to  14,  wherein  said  neck  portion  immediately  after 

55  extrusion  has  a  diameter  smaller  than  said  annular  die  by  0-15%. 
16.  The  apparatus  according  to  any  of  claims  12  to  15,  wherein  said  cooling  air  is  a  humid  air  at  5-28°  C. 
17.  The  apparatus  according  to  any  of  claims  12  to  16,  wherein  said  annular  die  is  provided  with  a  stabilizer 
surrounding  said  neck  portion. 
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